Abstract. Thiosemicarbozone complexes that have a broad spectrum of biological activity are formed as a result of condensation reaction between thiosemicarbazide [H 2 N(C=S)-NH-NH 2 ] and carbonyl-containing compounds. A new nickel(II) complex with N1-acetylacetone-N4-4-methoxysalicylidene-S-allyl-thiosemicarbazone ligand was synthesized and characterized. We studied the antileukemic activity of the Ni(II) thiosemicarbazone compound and assessed their potential for drug development. Specifically, the effects of this Ni(II) thiosemicarbazone compound on intracellular signal nodes and apoptotic pathways were investigated. According to our results, the Ni(II) thiosemicarbazone compound has apoptotic activity against HL60 cells. Moreover, while Ni(II) thiosemicarbazone compound significantly increased levels of p53 and cleaved caspase-3 proteins, it decreased level of Phospho-Akt1 protein in HL60 cells. The Ni(II) thiosemicarbazone compound could induce HL60 cell apoptosis through inhibiting of PI3K/Akt pathway. These results showed that Ni(II) thiosemicarbozone compound might be an antileukemic agent.
Introduction
Thiosemicarbozone complexes that have a broad spectrum of biological activity are formed as a result of condensation reaction between thiosemicarbazide [H 2 N(C=S)-NH-NH 2 ] and carbonyl-containing compounds. Thiosemicarbozones are polydentate ligands and their aromatic derivatives have chelating ability with various metals. Metal complexes of thiosemicarbazones is one of the popular research subjects because of their wide range pharmacological activity that provides diverse variety of compounds and metal ions with different biological activities (Casas et al. 2000; Tarasconi et al. 2000; Beraldo and Gambino 2004; Yanardag et al. 2009; Kesel 2011) . Some of activities have antitumor (Afrasiabi et al. 2004; Vrdoljak et al. 2010) , antimicrobial (De Logu et al. 2005; Rodriguez-Arguelles et al. 2005; Mendes et al. 2009 ), antiviral (Varadinova et al. 2001; Genova et al. 2004) , and cytotoxic (Bal Demirci et al. 2007; Atasever et al. 2010) effects.
In various studies, it was found that metal complexes of some thiosemicarbozone compounds inhibit DNA synthesis and induce apoptosis. Especially, copper, palladium and platinum complexes of thiosemicarbazones are the most preferred compounds for drug potential studies (Otero et al. 2006; Matesanz and Souza 2007; Vieites et al. 2009; Raja et al. 2011) . Furthermore, some significant findings regarding biological activities of vanadium (Noblia et al. 2005) , manganese (Oliveira et al. 2014) , iron and nickel (Bal Demirci et al. 2007; Atasever et al. 2010 ) chelates based on thiosemicarbazone have been shown.
Unfortunately, drug resistance still remains a major problem leukemias. Therefore developing new agents against leukemic cells is needed. Structures and biological activity make thiosemicarbazones strong therapeutics candidates.
In our previous studies, we demonstrated antileukemic activity of the iron (III) complexes of S-methylthiosemicarbazones with ONNO type. These previous results imply that their selective anticancer effects on various leukemic cells depends on not only metal ion in thiosemicarbazone complexes but also substituents and their location on aromatic rings. In this study, to analyse importance aromatic ring and OCH 3 group, we investigated effects of the new synthesized N1-acetylacetone-N4-4-methoxy-salicylidene-S-allyl-thiosemicarbazone chelating with nickel(II) against HL60 human promyelocytic leukemia cells (Figure 1 ). Specifically we studied its effects on intracellular signal nodes and apoptotic pathways in HL60 cells.
Materials and Methods

Synthesis of the compounds
Firstly, 2,4-pentanedione S-allyl-thiosemicarbazone was obtained as described in the literature (Yamazaki 1975 For synthesis of the nikel(II) complex, NiCl 2 .6H 2 O (0.24 g, 1 mmol) was dissolved in methanol (5 ml) and then 1.5 ml of orthoformic ester was added to the solution. After standing for 24 h at room temperature, a solution of the thiosemicarbazone (0.21 g, 1 mmol) and 2-hydroxy-4-methoxybenzaldehyde (0.152 g, 1 mmol) in 5 ml methanol was added dropwise to the metal salt solution. After the additon of triethylamine (0.1 mmol), the mixture was left to stand at room temperature overnight. 
Mammalian cell culture
Cytotoxic potential of Ni(II) thiosemicarbazone compound was assessed on HL60 cells. ECV304 (human umbilical vein endothelial cell line) was used as non-cancerous cellular control because ECV304 cell line presents many features of endothelial cells (Suda et al. 2001) . The cell lines were purchased from ATCC.
RPMI medium for suspension cells (Panbiotech P04-16100) and DMEM medium for adhesive cells (HyClone, 16777-133) were supplemented with 10% fetal bovine serum (HyClone, SH3007003HI), 1% penicillin-streptomycin, 1% L-Glutamine and 0.1%, and MEM non-essential amino acids. Cell lines were incubated in a humidified atmosphere containing 5% CO 2 at 37°C. 75 ml polystyrene cell culture flasks and 96-well plates (Greiner) were used for cell culture and viability assays, respectively. Adhesive ECV304 cells, were detached by 0.5% Trypsin-EDTA solution (Sigma, T3924), washed once with 10% FBS containing medium and twice with PBS and resuspended in DMEM at density of 1×10 5 cells/ml.
Cytotoxicity assay
The cytotoxic effect of Ni(II) thiosemicarbazone compound on HL60 human promyelocytic leukemia and ECV304 human endothelial cells were measured with MTT (3-(4,5-dimethylthiazol-2yl)2,5-diphenyl tetrazolium bromide) assay (Sigma, M-5655) as previously described Pirildar et al. (2010), Svobodova et al. (2012) and Atasever-Arslan et al. (2015) . HL60 cells were resuspended at 1×10 6 cells/ml in RPMI medium, ECV304 cells were resuspended at 1×10 6 cells/ml in DMEM medium at 37°C in a humidified atmosphere containing 5% CO 2 .
Stock solutions of the thiosemicarbazone were prepared in DMSO at a concentration of 10 mg/ml. Serial dilutions of the stock solution were prepared in absolute methanol. 90 μl of cell cultures were dispensed into 96-well roundbottom plates containing 10 μl of Ni(II) thiosemicarbazone compound dilutions. Thus, the final concentrations of the compound were 124, 25, 12, 2.5, 0.25 μmol/l. As a negative control, only 10 μl of medium containing appropriately diluted methanol was used instead of Ni(II) thiosemicarbazone compound. After 48 hours of incubation, 10 μl freshly prepared MTT solution (5 mg/ml) in phosphate buffer saline (PBS) was added to each well and the plates were incubated 3 h at 37°C. Supernatants were removed from all wells and 100 ml of sodium dodecyl sulfate (SDS, pH 5.5) containing isopropyl alcohol was added to the wells and the microplates were stored at room temperature in the dark, in order to dissolve the formazan crystals formed by reduction of MTT in living cells. Optical density (OD) of each well was measured at 570 nm test wavelength and at 655 nm reference wavelength on a Bio-Rad Benchmark Microplate Reader. Cytotoxicity index was calculated with the formula:
Cytotoxicity index = 1-[OD (treated wells) / OD (control wells)] ×100). The cytotoxicity assay was repeated six times for each concentration of the compound.
According to MTT results, inhibitory concentration (IC 50 = the concentration of the compound that inhibited 50% cells) was calculated from the data obtained using GraphPad Prism software.
Flow cytometry analysis
To determine the apoptotic and necrotic effects of the Ni(II) thiosemicarbazone compound on HL60 cells, we stained with Annexin V and Propodium iodide (PI) (Biolegend Inc.) and analyzed by flow cytometry (Atasever-Arslan et. al. 2016) . Treated HL60 cells, were harvested from plates by centrifugation to remove the media and then washed with 1XFACS buffer (1X HBSS, 0.5% sodium azide and 0.5% BSA). Annexin V was diluted 1:100 with Annexin V binding buffer (0.1 M HEPES/NaOH (pH 7.4), 1.4 M NaCl, 0.05 M CaCl 2 ) and cells were resuspended in 500 μl of this mixture. Samples were incubated for 20 minutes at room temperature in the dark, stored on ice and PI (124 μmol/l) was added immediately before analysis. Flow cytometric measurement of the samples was performed on a FACS Canto flow cytometer (BD Biosciences). Flow cytometry was repeated three times for each concentration of the compound. Data were analyzed with FlowJo 9.4.3 software (Treestar).
DNA fragmentation assay
After HL60 cells was incubated with the Ni(II) thiosemicarbazone compound (124 μmol/l) for 24 hours, cells were collected by centrifugation at 13,200 rpm for 20 seconds at room temperature. The supernatant was discarded and the pellet was transferred to a fresh microcentrifuge tube containing 600 µl of ice-cold cell lysis buffer (10 mM Tris-Cl (ph8), 1 mM EDTA (ph8), %0.1 (w/v) SDS). Three µl of proteinase K solution (20 mg/ml) was added and incubated for 3 hours at 55°C followed by 1.5 µl of RNAse (4mg/ml) and an additional incubation for 15 min at 37°C. Then, samples were cooled down to room temperature and 200 µl potassium acetate solution was added and mixed. The samples were centrifuged (13,200 rpm) for 3 minutes at 4°C. Supernatants were transferred to fresh microcentrifuge tubes followed by the addition of 600 µl isopropanol. The solution was mixed well and centrifuged at 13,200 rpm for 1 min at room temperature. The supernatant was removed and 600 µl of 70% ethanol was added to the DNA pellet. The tube was inverted several times and centrifuged at 13,200 rpm for 1 min at room temperature. The supernatant was removed and the DNA pellet air dried for 15 min before being dissolved in 100 µl TE buffer (Takaki et al. 2014) . Isolated genomic DNA was resolved by 2% agarose gel electrophoresis for 40 minutes at 100 V, stained in an Ethidium bromide solution (0.625 mg/ml) for x minutes and analyzed on a gel imaging system (Vilber Lourmat -02). The DNA fragmentation analyses were repeated twice.
Spectrophotometric analysis of intracellular signal nodes and apoptotic signal pathways
CST PathScan® Signaling Nodes and Apoptosis MultiTarget Sandwich ELISA kits (Cell Signaling Technologies, USA) were used to determine the effects of Ni(II) thiosemicarbazone compound on HL60 cells on signaling nodes and intracellular apoptotic signal pathways. Ni(II)-treated HL60 cells were processed according to the manufacturer's instructions. Briefly, 1 million cells were lysed in lysis buffer, lysates aliquoted onto 96 well plates coated with antibodies and a sandwich ELISA was performed using specific antibodies and HRP labelled secondary antibodies, incubated with substrate. Assays were repeated six times. HRP enzymatic activity detected on Multiskan™ GO Microplate Spectrophotometer (Spectrophotometric Determination) to quantify antigen concentration. Optical density (OD) of each well was measured at 450 nm test wavelength.
Statistical analysis
Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS) software. Results were expressed as the mean ± standard deviation (SD). Statistical differences were assessed by Student's unpaired t-test, with p < 0.05 as a statistical significance cut-off.
We investigated cytotoxic effect of Ni(II) thiosemicarbazone compound on HL60 human promyelocytic leukemia cells by using MTT cytotoxicity assay. As a control group, we used ECV304 human endothelial cells. HL60 and ECV304 cells were treated with Ni(II) thiosemicarbazone compound at different concentration (124, 25, 12, 2.5, 0.25 μmol/l) and cell viability was measured via MTT assay. Figure 2 shows the cytotoxic activity of Ni(II) thiosemicarbazone compound against HL60 human promyelocytic leukemia cells and ECV304 human endothelial cells. Ni(II) thiosemicarbazone compound did not show a significant cytotoxicity on ECV304 non-cancer control group cells. In addition, this compound caused proliferation of ECV304 cells. Ni(II) thiosemicarbazone compound showed cytotoxic activity above 55% against HL60 cells in 124 μmol/l ( Figure  2 ). Furthermore, it showed about 40% cytotoxicity on HL60 cells in 25 μmol/l. According to the cytotoxicity results, IC 50 values of HL60 and ECV304 cells are 58.8 μmol/l and >124 μmol/l, respectively. Apoptotic effect of the Ni(II) thiosemicarbazone compound on HL60 cells was analysed by using flow cytometry analysis. In order to discriminate apoptotic effects from necrotic effects, Annexin V and PI staining were performed ( Figure 3A) . It was found that Ni(II) thiosemicarbazone compound had apoptotic effect on HL60 cells. Amount of Annexin V and PI double positive HL60 cells was 31.1% after 24 hours incubation with this compound in 124 μmol/l. On the other hand, only Annexin V positive HL60 cells constituted 12% of all cells. Our results showed total amount of apoptotic cells was 43.1% after 24 hours comparing with controls.
To confirm the apoptotic effects of this compound, we also used DNA fragmentation analysis. DNA fragmentation is one of the characteristics of apoptosis (McCarthy 
Results
A nickel(II) complex with N 2 O 2 chelating N1-acetylacetone-N4-4-methoxy-salicylidene-S-allyl-thiosemicarbazone ligand was synthesized and confirmed expected structure by elemental analysis, infrared andand Evan 1998). Fragmented genomic DNA of HL60 cells that was treated with Ni(II) thiosemicarbazone compound was screened via DNA fragmentation assay ( Figure 3B ). Our flow cytometry analysis and DNA fragmentation assay results showed that the Ni(II) thiosemicarbazone compound induces apoptosis in HL60 cells (Figure 3) . Because of this apoptotic properties, Ni(II) thiosemicarbazone compound may have anticancer drug potential for HL60 human promyelocytic leukemia cells.
In order to search the possible roles of Ni(II) thiosemicarbazone compound on the changes of the levels of intracellular signal nodes of HL60 cells, we measured levels of Phospho NFκB (Ser536), Phospho Stat3 (Tyr705), Phospho-p38 MAPK (Thr180/Tyr182), Phospho-MEK1 (Ser217/221) and Phospho-Akt1(Ser473) quantities in the cells treated with this Ni(II) thiosemicarbazone compound. We used Signaling Nodes Sandwich ELISA kits to determine the effects of the Ni(II) thiosemicarbazone compound on HL60 cells on intracellular signaling nodes. The results and their significances were shown in Figure 4 . According to our results, Ni(II) thiosemicarbazone compound significantly decreased the level of Phospho-Akt1 protein. However, other protein levels did not change significantly after 24 hour incubation of HL60 cells with the Ni(II) thiosemicarbazone compound (Figure 4) .
To understand apoptotic mechanisms of the Ni(II) thiosemicarbazone compound on HL60 cells, we investigated effects of Ni(II) thiosemicarbazone compound on the apoptotic signaling pathway by using Apoptosis Multi-Target Sandwich ELISA kit. HL60 cells were incubated with Ni(II) thiosemicarbazone compound and the changes levels of Phospho-p53(Ser15), p53, Cleaved caspase 3 (Asp175), Cleaved PARP(Asp214), Phospho-BAD(Ser112) and BAD proteins were determined. The results were shown in Figure  5 . While the Ni(II) thiosemicarbazone compound decreased levels of cleaved PARP, phospho-Bad, Bad proteins, it significantly increased the levels of the p53 and cleaved caspase-3 proteins in HL60 cells.
Discussion
HL60 and ECV304 cells were treated with Ni(II) thiosemicarbazone compound at different concentration (124, 25, 12, 2.5, 0.25 μmol/l) and cell viability was measured via MTT (assay. Ni(II) compound showed cytotoxic activity above 55% against HL60 human promyelocytic leukemia cells in 124 μmol/l (Figure 2) . Furthermore, it showed about 40% cytotoxicity on HL60 cells in 25 μmol/l. According to the cytotoxicity results, IC 50 values of HL60 and ECV304 cells are 58.8 μmol/l and >124 μmol/l, respectively. Ni(II) thiosemicarbazone compound, of which IC 50 value is not cytotoxic for ECV304 cells, have therapeutic potential as antitumor agents.
Apoptotic effect of the Ni(II) thiosemicarbazone compound on HL60 cells was analysed by using flow cytometry analysis. Results demonstrated that Ni(II) thiosemicarbazone compound had apoptotic effect on HL60 cells. Amount of both Annexin V and PI double positive HL60 cells was 31.1% after 24 hours incubation with this compound at 124 μmol/l concentration. Whereas, only Annexin V positive HL60 cells constituted 12% of all cells. Our results showed that total amount of apoptotic cells was 43.1% after 24 hours comparing with controls. Also DNA fragmentation assays demonstrated that the Ni(II) thiosemicarbazone compound induces apoptosis in HL60 cells (Figure 3) . Their apoptotic properties imply that Ni(II) thiosemicarbazone compound may have anticancer drug potential for HL60 human promyelocytic leukemia cells.
In order to search whether a possible role of Ni(II) thiosemicarbazone compound on the changes of the levels of intracellular signal nodes of HL60 cells, we measured levels of Phospho NFκB (Ser536), Phospho Stat3 (Tyr705), Phospho-p38 MAPK (Thr180/Tyr182), Phospho-MEK1 (Ser217/221) and Phospho-Akt1(Ser473) quantities in the cells treated with this Ni(II) compound. According to our results, Ni(II) compound significantly decreased the level of Phospho-Akt1 protein (Figure 4) .
Akt protein plays role in cell survival and apoptosis (Zhou et al. 2000) . Activation of Akt has a fundamental role in cell survival signalling (Franke et al. 2003) . Therefore, decreasing of Akt activation induces apoptosis by preventing cancer cell growth. Moreover, previous studies have showed that Akt inhibitors induce apoptosis in chronic lymphocytic leukemia cells (de Frias et al. 2009 ). In this study we showed Phospho-Akt1 protein level decreased with the Ni(II) thiosemicarbazone compound treatment on leukemic HL60 cell line compared with untreated HL60 cells. According to our data, the Ni(II) thiosemicarbazone compound decreased Akt1 level and induces apoptosis in HL60 cells.
To determine apoptotic mechanisms of the Ni(II) thiosemicarbazone compound, and the changes in levels of Phospho-p53(Ser15), p53, Cleaved caspase 3 (Asp175), Cleaved PARP(Asp214), Phospho-BAD(Ser112) and BAD proteins, HL60 cells were treated with Ni(II) thiosemicarbazone compound. While the Ni(II) thiosemicarbazone compound decreased levels of cleaved PARP, phospho-Bad, Bad proteins, it significantly increased the levels of the p53 and cleaved caspase-3 proteins in HL60 cells.
Protein p53 plays a crucial role in DNA repair, genomic stability, senescence, cell cycle control, and apoptosis (Harris 1996; Levine 1997; Baell and Huang 2002; Cory et al. 2003) . Our results propose that increased level of p53 protein can stimulate apoptosis by inhibiting Bcl-2 anti-apoptotic protein and accelerate death process of cancer cells.
Moreover, caspases are important mediators of apoptosis. Especially, caspase-3 that is responsible for the proteolytic cleavage of many key proteins is a critical executioner of apoptosis (Porter and Jänicke 1999; Mcllwain et al. 2013 ). According to our result, increasing levels of cleaved caspase-3 protein with the Ni(II) thiosemicarbazone compound incubation can induce apoptosis in HL60 cells.
PARP protein plays role in repair of DNA damage and cell survival and is also a coactivator of NF-kB and NF-kB proteins linked each other in cell survival mechanism (Veuger et al. 2009; Nowsheen et al. 2012) . We found that the Ni(II) thiosemicarbazone compound decreased levels of cleaved PARP protein and this result suggests that inhibition of PARP protein can inhibit cell survival and induce apoptosis.
Emirdağ-Öztürk et al. showed that Co(II) complexes of gypsogenin thiosemicarbazone glyoxime has apoptotic effect on HL60 cells. However, intracellular signalling pathways of this molecule in HL60 cells and its effects on non-cancerous cells are not known (Emirdag-Ozturk et al. 2014) . Bioinformatic meta-analysis of interactions all new synthesized thiosemicarbazones in literature with intracellular signalling nodes in cancer cells can be helpful to understand importance of metal ions and structural properties of thiosemicarbazones against various cancer cells and non-cancerous cells.
In this study, we detected decreased Akt1 and phospho-BAD levels. BAD protein is a pro-apoptotic member of Bcl-2 gene family and pro-apoptotic activity of BAD can be inhibited by phosphorylation (Hsu et al. 1997) . Several previous studies has suggested that BAD mediate the anti-apoptotic effects of PI3K/Akt pathway (Datta et al. 1997; del Peso et al. 1997) . Akt protein phosphorylates BAD protein and blocks the dimerization of BAD with Bcl-2 or Bcl-xl (del Peso et al. 1997) . Inhibitory effect of Ni(II) thiosemicarbazone compound on Akt prevents inhibition of BAD by decreasing phospho-BAD protein level. Moreover, the inhibition effect of Akt on phosphorylation of Bad might decrease level of antiapoptoic Bcl-2 and Bcl-xl protein and induce apoptosis (Fu et al. 2014) .
Based on our result we suggest that decreasing level of phospho-BAD protein with the Ni(II) thiosemicarbazone compound can trigger apoptosis on HL60 leukemia cells. We analyzed and compared our results with the literature and predicted the possible apoptotic signaling pathways of the Ni(II) thiosemicarbazone compound on HL60 cells. Our results suggested that the Nickel(II) thiosemicarbazone compound, as a potential anticancer drug, could induce apoptosis through the inhibition of PI3K/Akt pathway or p53 pathway in HL60 cells. On the other hand, inhibition of PARP or BAD and increase caspase-3 levels are other possible apoptotic pathways for this new compound. Understanding of its apoptotic mechanism can be helpful to identity therapeutic index of this compound targeting various cancer cells. All these results imply that its structural properties are very important for selective cytotoxicity and apoptotic effect against HL60 cells.
